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Abstract

The purpose of this study was the assessment of the effect of climatic changes from 1985 to 2018 on the
productivity of grasslands in Wielkopolska region (Poland). The weather data (precipitation sum, mean,
maximum and minimum air temperature, insolation, relative air humidity and wind speed) were collected at
five national weather stations evenly distributed in the region. Using this data, trends of Standardized
Precipitation Evapotranspiration Index (SPEI) were determined. Grassland productivity was estimated from
data collected by Polish Central Statistical Office, that refer to meadow hay production for each commune and
each of the three regrowths. For the analysis of the effects of climatic trends on grassland productivity in
Wielkopolska, linear regression was used. It was concluded that the climatic changes in the Wielkopolska
region for the last 34 years were expressed as the increase of mean yearly air temperature, precipitation sum,
as well as of the Penman-Monteith evapotranspiration (ET). The significance of these changes was evidenced
for air temperature (p=0.0006) and for the ET (p=0.004). The analysis carried out for individual months
showed that (i) mean air temperature was significantly rising in summer, from June to September, as well in
April and November, (ii) precipitation sum changes were not significant, and (iii) the ET was rising in April
and September. The significant SPEI trends analysed for different periods (from 1 to 12 months) indicate that
soil moisture conditions in the region were deteriorating. No significant effect of the SPEI trends on annual
grassland yield and the yield of 2nd regrowth in Wielkopolska was found. The significant relationship was
found for selected 3-, 4-, 5- and 6-months SPEI in winter which negatively affected hay yield in the first
regrowth (p=0.011-0.039) and for SPEI calculated for different periods, which both increased and decreased
the grassland productivity in third regrowth.

Introduction

Climatic factors largely determine the productivity of grasslands. According to Łabędzki et al. (2011),
Wielkopolska represents an agro-climatic region in Poland characterized by a high value of reference
evapotranspiration during the growing season. Such conditions do not favor the growth of plants on grassland,
especially on those located on mineral soils. In addition, in recent years droughts were more and more severe
during the growing season, especially in summer. Rising temperatures and changing amounts and seasonal
distribution of precipitation affect water balance, plant species composition, biomass accumulation, and
grassland quality, which has large consequences for forage production (Golińska et al. 2016, Smith et al. 2008,
Wibig 2012). The aim of this study was the assessment of the effect of climatic changes from 1985 to 2018 on
the productivity of grasslands in Wielkopolska region.

Methods and Study Site

The weather data (precipitation sum, mean, maximum and minimum air temperature, insolation, relative air
humidity and wind speed) were collected from 1985 to 2018 at five national weather stations located in the
Wielkopolska region that belong to the Institute of Meteorology and Water Management. Using this data,
trends of Standardized Precipitation Evapotranspiration Index (SPEI) were determined. The SPEI was
calculated using the R programming environment (Vicente-Serrano et al. 2010) according to the formula: SPEI
= P - ET0, where reference evapotranspiration (ET0) was calculated by the Penman-Monteith method, given
by Allen et al. (1998). Grassland productivity was estimated from data collected by the Polish Central
Statistical Office, that refer to meadow hay production for each commune and each of the three regrowths. For
the analysis of the effects of climatic trends on grassland productivity in Wielkopolska, linear regression was
used. All statistical calculations were done in the R software environment.

Results

It was concluded that the climatic changes in the Wielkopolska region for the last 34 years were expressed as
the increase of mean yearly air temperature, precipitation sum, as well as of the Penman-Monteith
evapotranspiration (ET). The significance of these changes was evidenced for air temperature (p=0.0006) and
for the ET (p=0.004). It turned out that during 34 years the annual air temperature and the ET have increased
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significantly by 1.75 °C and 103.7 mm, respectively. At the same period the annual precipitation sum also
have increased by 7.8 mm, however, this change has not been statistically proven. The analysis carried out for
individual months showed that mean yearly air temperature was significantly rising in summer, from June to
September, as well in April and November (Figure 1). In the remaining months, the changes in this climatic
variable were also positive, but not statistically confirmed. Precipitation sum changes were not significant. In
the analysed period higher precipitation sum was observed in January, May, July and October and lower in the
remaining months of the vegetation season (Figure 2). ET was rising significantly in April and September
(Figure 3). This climate variable have increased also in other months of the year, except January, May and
December, however this changes were not significant. The increase in ET during the summer indicates a
deterioration of conditions for the growth and development of grassland vegetation.

Figure 1. Magnitude of average air temperature change in each month in 1985-2018

Figure 2. Magnitude of precipitation sum change in each month in 1985-2018
The search for climate change trends was carried out by determining the degree of fitting a linear regression
for the 1985-2018 time series. SPEI-1, SPEI-2, SPEI-3, SPEI-4, SPEI-5, SPEI-6, SPEI-12 counted backwards
from each calendar month were subjected to testing. In most analyses, regressions were significant regardless
of the length of the period considered and regardless of the month from which SPEI was designated. The values
of significant trends in changes SPEI-2 and SPEI-3 for selected period essential for productivity of the first,
second and third regrowths are shown in Table 1. The significant SPEI trends given in the Table 1 as well as
other values analyzed for different periods (from 1 to 12 months) provide information on the occurrence
possibility of meteorological drought (1 month), soil (3 months) and hydrological (6 months and more).
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Figure 3. Magnitude of the change of reference evapotranspiration, calculated with the Penman-Monteith
equation in each month in 1985-2018
Table 1. Values of significant trends of SPEI index for Wielkopolska region in 1985-2018
SPEI calculated for
Significance of the
Regression coefficient
Adjusted R squared
selected period:
relationship (p-value)
March – April
-0.025
0.013*
0.152
March – May
-0.062
0.000***
0.573
April – May
-0.055
0.000***
0.504
***
April – June
-0.049
0.000
0.557
May – June
-0.054
0.000***
0.538
May – July
-0.048
0.000***
0.464
June – July
-0.045
0.000***
0.424
***
June – August
-0.060
0.000
0.632
July – August
-0.058
0.000***
0.562
July – September
-0.026
0.000***
0.313

Significance: *0.05; ***0.001

No significant effect of the SPEI trends on annual grassland yield and the yield of the second regrowth in
Wielkopolska was found (Table 2). The significant relationship was found for the 3-, 4-, 5- and 6-months SPEI
in winter ending in March or April which negatively affected hay yield in the first regrowth with p-values
ranging from 0.011 to 0.039. It was confirmed that dry winter (low precipitation, no snow cover particularly
in the last years) is the reason for which lower yields are harvested in the first regrowth in May or June.
Additionally, the summer drought in the previous year (negative SPEI value for two months period AugustSeptember) affected negatively productivity of the first regrowth. This result shows that grasslands in
Wielkopolska are very sensitive to long-period water deficit preceding the first regrowth. The significant
relationship was also found for many SPEIs calculated for different periods, which both increased and
decreased the grassland productivity in third regrowth. The positive effect of winter drought on higher
grassland yielding in the last regrowth could be explained as a consequence of the accumulation of nutrients
during the growing period, that were not fully used for yield formation in the first and second regrowths.
Table 2. Effect of selected SPEI trends on grassland productivity for Wielkopolska in 1985-2018
SPEI calculated for
1st regrowth
2nd regrowth
3rd regrowth
Yearly yield
selected period:
b
p
b
p
b
p
b
p
August – September
October – March
November – March
November – April
December – March
January – March

-2.750
-2.631
-2.790
-2.123
-2.643
-2.460

0.024*
0.016*
0.011*
0.039*
0.015*
0.021*

-0.805
-1.006
-0.484
-0.618
-0.418
-0.168

0.667
0.550
0.777
0.694
0.803
0.917

-1.982
2.216
2.305
1.091
2.265
2.156

0.007**
0.000***
0.000***
0.087
0.000***
0.000***

-0.519
-1.445
-0.974
-0.608
-1.049
-1.156

0.850
0.583
0.715
0.769
0.690
0.650

Explanations: b – regression coefficient; p – significance of the relationship (p-value); Significance: *0.05; **0.01; ***0.001
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Discussion

The obtained results reflect the general climatic trends for the whole of Europe (Trnka et al. 2011). In
Wielkopolska, temperatures were increasing in most months, even if these increases were not statistically
significant. In the analysed period more precipitation, expressed as yearly sum, occurred in the Wielkopolska
region, but the trend was not confirmed. Moreover, the changes in timing of precipitation were detected. They
affect soil water capacity and can have major effects on grass growth in Poland, where a strong relationship
between hot weather and lack of precipitation since 1950 was recorded by Wibig (2012). The results of the ET
trends confirm the outcomes obtained in previous study (Goliński et al. 2018). In the last 34 years the changes
of weather variables determining SPEI values indicate a slight dominance of evapotranspiration over
precipitation. The analysis of the linear trend showed that all coefficients are negative, which indicates a slight
drought (Vicente-Serrano et al. 2010) and worse growth and development conditions for grassland vegetation.
The analysis of the productivity of grasslands in Wielkopolska showed that the negative SPEI trends in winter
have a significant impact on the yield of the first regrowth. The similar relation was obtained for the second
regrowth and annual yield, but these effects have not been confirmed. However, the effect of climate variables
on grassland productivity greatly depends on site soil conditions as well as fertilization. In mesic meadows
located in Wielkopolska, dry matter yield depends more on fertilization than weather conditions, expressed by
SPEI (Golińska et al. 2016). Another study showed that the relationship between SPEI estimated for the 6month period from April to September and annual DM yield of grassland located on mineral soil was positive,
while no significant effect was found for any quantified change in climate on grassland yield located on organic
soils (Goliński et al. 2015).

Implications

The recognition of regionally-specific changing climate trends is an important part of sustainable grassland
management. It is therefore necessary to build and maintain monitoring systems of productivity of grasslands
with implications of difference among regions, and refine analysis methods to understand trends and anomalies
that are likely to continue into the future. Management practices well adapted to more variable and stressful
environments are needed for maintaining the agricultural productivity of grasslands. There are challenges to
obtain grass varieties resistant to drought in Wielkopolska, while maintaining high productivity. Other
adaptation approaches to climate changes are new strategies of grassland fertilization and soil moisture
optimization by irrigation.
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